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Abstract
Objectives  To identify the effects of hormone replacement 
therapy (HRT) on spinal osteoarthritis (OA).
Methods and design  A cross-sectional study of a 
nationwide survey was performed.
Setting  This study collected data from the fifth Korean 
National Health and Nutrition Examination Survey (2010–
2012).
Participants  After excluding ineligible respondents, 
the total number of participants in this study was 4265 
females. Participants were asked to report symptoms 
and disabilities related to spinal OA. In addition, plain 
radiographs of the spine were taken of all patients.
Primary and secondary outcome 
measures  Demographic and lifestyle variables were 
compared between the HRT and non-HRT groups. 
In addition, radiographic examination and symptom 
assessment were performed to determine the existence of 
spinal OA.
Results  Marital status, education, income and HRT 
were correlated with spinal OA. A risk analysis of related 
factors showed that HRT and age had effects on spinal OA 
(ORs 0.717 and 1.257). Nevertheless, in the HRT group, 
smokers had a increased risk of spinal OA. In addition, the 
HRT group demonstrated a lower prevalence of spinal OA. 
The calculated risk for compromised morbidity with HRT 
compared with the prevalence of spinal OA was 0.717 
(OR). The duration of HRT was also related to the risk for 
spinal OA. The group that had been taking HRT for more 
than 1 year showed decreased risk (OR 0.686) compared 
with patients with <1 year of HRT (OR 0.744; P<0.05).
Conclusion  Women receiving HRT showed a lower 
prevalence of spinal OA. HRT also correlated with a 
decrease in spinal OA morbidity.

Introduction
Menopause is a particularly influential period 
during which women adapt to a new biolog-
ical state. Women in the postmenopausal 
period tend to have low oestradiol and sero-
tonin concentrations and a high level of 
follicle-stimulating hormone.1–4  Hormone 
replacement therapy (HRT) has shown 

several benefits for elderly females because 
it minimises symptoms related to oestrogen 
deficiency.1 3–8 However, few studies have 
investigated the effects of hormone therapy 
on the musculoskeletal system. Imada et al 
performed a case-control study of the influ-
ence of oophorectomy on the development 
of degenerative spondylolisthesis. They 
reported that the abrupt decrease in oestra-
diol level caused by oophorectomy could be 
a predisposing factor in degenerative spon-
dylolisthesis at L4/5.9 Recently, more people 
have begun experiencing degenerative osteo-
arthritis (OA), which can occur in several 
mobile joints of the body, including the spine. 
We hypothesised that HRT might prevent 
the onset of degenerative spinal disease and 
therefore might contribute to the prevention 
of low back pain.10 11 The objective of this 
study was to estimate the associations between 
hormonal factors and spinal OA in a Korean 
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Strengths and limitations of this study

►► This study analysed a large cross-sectional 
population and used sophisticated statistical 
methods, which could enhance the significance of 
the results.

►► The study included analysis of demographic 
and lifestyle variables as well as radiographic 
examinations and symptom assessment, which 
could enhance the significance of the results.

►► The cross-sectional study design precluded 
establishment of a causal relationship 
between hormone replacement therapy and 
osteoarthritis (OA).

►► More sophisticated diagnostic tools, such as MRI or 
CT, might be needed to evaluate the precise status 
of patient joints.

►► The prevalence or aetiology of OA could also be 
influenced by ethnic or environmental factors, which 
could decrease the generalisability of our results.
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Figure 1  A flow chart showing the inclusion and exclusion 
of participants according to study criteria.

population. We analysed a large cross-sectional popu-
lation using data from the Korea National Health and 
Nutrition Examination Survey (KNHANES) to determine 
the relationship between HRT and spinal OA.

Methods
Study population
The study design was cross-sectional, using 3 years of data 
from KNHANES-V (2010–2012), a nationwide health 
and nutrition survey that is conducted regularly. The 
KNHANES is conducted annually by the Korean Centers 
for Disease Control for civilians, and a survey of spine OA 
was included. The KNHANES is a nationally representa-
tive database on health and nutrition, and the subjects 
were selected from stratified, multistage probability 
samples of Korean households based on gender, age 
and geographical area. The number of participants who 
completed both the health interview and health exam-
ination surveys was 25 534 (figure 1). We excluded men 
(n=11 616), premenopausal women (n=9372) and those 
with missing data for variables included in the analysis 
(n=281). The remaining 4265 participants underwent 
physical and laboratory examinations, including a radio-
graphic examination of the spine. In addition, health 
interview data were retrieved, including demographic 
and lifestyle variables. All participants provided informed 
consent.

Radiographic examination and symptom assessment
Anteroposterior and lateral plain radiographic exam-
inations of the lumbar spine were taken using a SD3000 
Synchro Stand (Accele Ray, Switzerland). Radiographic 
changes in each joint were independently assessed by two 
radiologists using the Kellgren/Lawrence (KL) grading 
system as follows: grade 0, no visible features of OA, 
doubtful/questionable osteophytes; grade 1, minimal, 

definitive small osteophytes and grade 2, definitive 
moderate osteophytes or subchondral bone cysts and scle-
rosis with or without foraminal stenosis.12 The presence of 
radiographic OA was defined as a KL grade of 2 or more. 
If the grades given by the two radiologists differed, the 
higher grade was accepted. The concordance rate for KL 
grades within one grade for the same case was 94.76%. In 
addition, all patients described their joint-related symp-
toms (eg, spine), and those symptoms were scored. Partic-
ipants who reported experiencing arthritic pain for more 
than one of the past 3 months were asked to report the 
pain intensity using a numeric rating scale (NRS) ranging 
from 0 to 10, regardless of whether they used medication.

Demographic and lifestyle variables
HRT was defined as use of >1 year of regular hormone 
medication. Exogenous hormone-related factors included 
oral contraceptive use duration and HRT starting age 
and duration. Demographic variables were age, gender, 
monthly household income, marital status, current resi-
dence, education level, smoking status (never smoker, 
past smoker or current smoker), alcohol consumption 
(g/day) and physical activity (low, moderate or high). 
Household income was calculated as the monthly house-
hold income divided by the square root of the number of 
members. Education was classified by years of schooling 
(<6, 7–9, 10–12 and >12 years). Marital status was stratified 
into three groups: never married, married and living with 
spouse and divorced/widowed. Respondents who had 
smoked >100 cigarettes in their lifetime were classified 
as smokers and placed into the smoker group. Physical 
activity was quantified according to the Korean version 
of the International Physical Activity Questionnaire. Body 
weight and height were obtained, and the body mass 
index was calculated by dividing the body weight in kg 
by the height2 in m2. Waist circumference was measured 
between the lower costal margin and the iliac crest. We 
defined obesity as a body mass index ≥25.

Statistical analyses
Statistical analyses were conducted using SAS survey 
procedures (V.9.3; SAS Institute, Cary, North  Carolina, 
USA) in a manner that reflected the sampling weights and 
provided nationally representative estimates. The charac-
teristics of patients with spinal OA were compared with 
those of participants without spinal OA using two inde-
pendent sample t-tests, a one-way analysis of variance for 
continuous variables and Χ2 tests for categorical variables. 
Multivariate logistic regression analyses were conducted 
to investigate the relationships between parameters.

Results
The relationships between demographic factors and spinal OA
We defined spinal OA as definite OA on plain radio-
graphs with related spinal pain. The mean age of the 
study population was 64.3±0.2 (50–94) years. The total 
numbers of participants with spinal OA and HRT were 
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Table 1  Parameter comparison between patients with 
spinal OA and the control group

No OA OA

p Valuen=3361 n=904

Smoking 6.1% (0.6) 4.5% (0.9) 0.1340

Drinking (heavy) 0.5% (0.2) 0.3% (0.2) 0.4693

High activity 15.1% (0.8) 12.1% (1.3) 0.0608

Urban residence 71.0% (2.4) 69.6% (3.0) 0.5131

With spouse 67.7% (1.1) 58.3% (2.1) <0.0001

High education 22.0% (1.0) 14.7% (1.5) <0.0001

Low income 33.9% (1.1) 42.8% (2.0) <0.0001

Contraception 21.2% (0.9) 21.6% (1.6) 0.8115

HRT 13.5% (0.7) 8.2% (1.1) 0.0002

BMI ≥25 24.2% (0.1) 24.4% (0.1) 0.0593

WC ≥85 82.3% (0.2) 83.0% (0.3) 0.0673

An age-adjusted logistic regression model was used.
Bold text means statistical significance (P<0.05).
BMI, body mass index (kg/m2); HRT, hormone replacement 
therapy; N, number in a group; OA, osteoarthritis; WC, waist 
circumference (cm). 

Table 2  Risk analysis of spinal OA with other related 
factors

OR 95% CI p Value

Age 1

Smoking 0.711 0.454 to 1.114 0.1367

Drinking (heavy) 0.853 0.220 to 3.308 0.8182

High activity 0.892 0.676 to 1.178 0.4197

Urban residence 1.077 0.870 to 1.332 0.4960

With spouse 1.031 0.837 to 1.269 0.7746

High education 0.912 0.693 to 1.201 0.5127

Low income 0.999 0.816 to 1.222 0.9889

Contraception 1.037 0.838 to 1.283 0.7359

HRT 0.717 0.527 to 0.976 0.0344

BMI ≥25 1.094 0.926 to 1.291 0.2920

WC ≥85 0.975 0.811 to 1.172 0.7884

An age-adjusted logistic regression model was used.
Bold text means statistical significance (P<0.05).
BMI, body mass index (kg/m2); HRT, hormone replacement 
therapy; OA, osteoarthritis; WC, waist circumference (cm).

Table 3  Prevalence and risk analysis for spinal OA with 
smoking in the HRT group

Non-smokers Smokers p Value

Spine OA 83.5% (1.8) 98.4% (1.7) 0.025
ORs 1 11.32 (1.31–17.90) 0.027

Bold text means statistical significance (P<0.05).
Age, BMI, WC, drinking and exercise were adjusted.
BMI, body mass index (kg/m2); HRT, hormone replacement 
therapy; OA, osteoarthritis; WC, waist circumference (cm).

Table 4  The prevalence of hormone therapy according to 
spinal pain and radiographic OA

No HRT HRT

p ValueN % N %

OA

 � Grade 0 696 19.8 (1.0) 184 30.2 (2.4) <0.0001

 � Grade 1 1454 40.8 (1.0) 253 46.5 (2.5)

 � Grade 2 1527 39.4 (1.1) 151 23.3 (2.1)

Sx 1302 34.7 (1.1) 162 26.0 (2.2) 0.0005

OA+Sx 819 21.0 (1.1) 85 13.1 (2.1) <0.0001

An age-adjusted logistic regression model was used.
Bold text means statistical significance (P<0.05)
HRT, hormone replacement therapy; OA, osteoarthritis; OA, 
participants with only radiological findings; OA+Sx, participants 
with both symptoms and radiological findings; Sx, participants with 
only symptoms. 

904 and 588, respectively, out of 4265 total participants. 
We found no spinal OA in 3361 participants, regardless 
of HRT status. In terms of demographic factors, marital 
status, education, income and HRT correlated with a 
decrease in spinal OA morbidity (table 1). A risk anal-
ysis of related factors showed that HRT had significant 
effects on spinal OA (OR 0.717, table  2). However, in 
the HRT group, smokers showed a significantly increased 

risk of spinal OA (OR 11.3) compared with non-smokers 
(table 3).

Relationship between HRT and spinal OA
The HRT group had a lower prevalence of spinal OA. In 
addition, the spinal OA group showed a significantly lower 
rate of HRT (table 4). Calculated risks for compromised 
morbidity were 0.717 (OR) compared with the control 
group (table 5). The solitary radiographic spinal OA and 
solitary symptom groups also showed a lower percentage 
of HRT than controls (OR 0.723 and 0.916, respectively); 
however, the radiographic OA plus symptom group had 
the lowest percentage of HRT and significantly higher 
morbidity (OR 0.717). The duration of HRT was also 
related to the risk of spinal OA: the  >1 year of medica-
tion group had a significantly decreased risk (OR 0.686) 
compared with the  <1 year of medication group (OR 
0.840).

Discussion
OA involves degenerative changes in soft tissue, subchon-
dral bone and hyaline cartilage that lead to serious joint 
disability.5 13–17Oestrogen deficiency is related to the 
occurrence and progression of OA. Beginning in early 
menopause, the number of women who suffer from OA 
increases dramatically.1–6 13 18 19 The association between 
oestrogen and OA has been verified in a murine model, 
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Table 5  Risk analysis of spinal OA with hormone therapy

HRT OR 95% CI p Value

OA 0.723 0.563 to 0.929 0.011

Sx 0.916 0.723 to 1.159 0.464

OA+Sx 0.717 0.527 to 0.976 0.034

An age-adjusted logistic regression model was used.
Bold text means statistical significance (P<0.05).
HRT, hormone replacement therapy; OA, osteoarthritis; OA, 
participants with only radiological findings; OA+Sx, participants 
with both symptoms and radiological findings; Sx, participants with 
only symptoms. 

and research on both oestrogen deficiency and comple-
ment in articular cartilage has been conducted in animal 
models.20 In many experimental animal studies, ovariec-
tomy was reported to induce OA, whereas oestrogen 
complement delayed cartilage degeneration.6 8 21–24 Oestro-
gens act on oestrogen receptors distributed throughout 
the articular cartilage, synovial membrane and ligaments 
and are thought to be related to degenerative changes. In 
addition, Gruber et al suggested the expression and local-
isation of oestrogen receptor-beta in the annulus cells of 
human intervertebral discs. They provided evidence of 
oestrogen beta gene expression in human intervertebral 
disc cells in vivo and in vitro. Culturing annulus cells in 
the presence of 17-beta-oestradiol significantly increased 
cell proliferation.25 Baron et al investigated the effects 
of menopause and HRT on the intervertebral discs and 
reported that oestrogen-replete women appear to main-
tain higher intervertebral discs than untreated postmeno-
pausal women.26 Moreover, patients receiving long-term 
HRT have a lower risk of knee and hip OA on plain radio-
graphs than women who do not take HRT.2 3 5 16 20

In this study, age, marital status, education level and 
income all significantly correlated with OA morbidity. 
However, BMI and body composition factors were not 
associated with spinal OA. Previous studies have reported 
that joint pain is associated with several sociodemographic 
factors, such as gender, advanced age, low education level, 
smoking and occupation.10 15 In particular, we found 
significant relationships between factors in the female 
group and higher prevalence of OA. It appears that the 
female population is more prone to OA, and this associ-
ation could be related to hormonal influences, especially 
in an elderly population. Wang et al reported increased 
low back pain prevalence in females than males, especially 
after menopause. They reported that higher low back 
pain prevalence in school age girls compared with school 
age boys is likely caused by psychological factors, female 
hormone fluctuation and menstruation. Compared with 
young and middle-aged subjects, a further increase in low 
back pain prevalence in females compared with males 
was noted after menopause.27 In our study, the HRT 
group showed a significantly lower prevalence of spinal 
OA. We therefore assume that HRT can influence the 
prevalence of spinal OA. We found a positive, long-term 
effect of HRT, suggesting that oestrogen deficiency could 

be a cause of OA and highlighting the need for further 
studies on the effects of oestrogen on cartilage and bone. 
Although we could not determine cause and effect rela-
tionships, HRT might prevent OA. We hypothesised that 
HRT has a protective effect on the development of spinal 
OA. In accordance with our hypothesis, both spinal pain 
and prevalence of radiographic spinal OA were lower 
in the HRT group. The duration of hormonal therapy 
also showed a significant relationship with prevalence of 
spinal OA, which suggests the importance of continuous 
HRT in elderly females.

In the present study, smoking was not significantly 
related to spinal OA morbidity, but it was correlated with 
an increased prevalence of spinal OA, especially in the 
HRT group. However, the association between the risk 
of OA and smoking is still unclear. Some studies have 
reported that smoking is a protective factor against severe 
OA. In contrast, observational studies have concluded 
that smoking has no protective effect on the progres-
sion of OA.7 26 28–34 In any case, smokers prescribed HRT 
showed a significantly increased risk of OA compared 
with non-smokers taking HRT, even though the use of 
HRT had an overall protective effect against OA. These 
data show that smoking could have a hazardous effect on 
joint cartilage that could eliminate the protective effect 
of HRT for OA.

This study has several limitations. First, the cross-sec-
tional study design prevented us from establishing causal 
relationships between HRT and OA. In this study, we 
could not match the OA site and spinal pain origin. 
We used a cross-sectional nationwide health survey with 
a brief health interview regarding pain related to each 
joint (eg, hip, knee and spine). Therefore, we could 
not clarify the relationship between spinal OA and pain 
with a spinal origin. Future prospective studies will be 
required to determine causal relationships. Second, the 
use of a single 11-point NRS did not allow us to evaluate 
the exact intensity of the respondents’ acute and chronic 
pain, including functional impairment. In addition, more 
sophisticated diagnostic tools, such as MRI or CT, might 
be needed to evaluate the precise status of patient joints. 
Third, the prevalence and aetiology of OA might be influ-
enced by ethnic or environmental factors, which could 
decrease the generalisability of our study. In addition, 
the relatively small number of smokers in the HRT group 
could dilute the significance of that result. Despite these 
limitations, our study analysed a large cross-sectional 
population and used sophisticated statistical methods. 
We found a significantly lower prevalence of spinal OA in 
patients receiving HRT. We believe that our results will be 
helpful to physicians treating OA.

In conclusion, populations receiving HRT showed 
a significantly lower prevalence of spinal OA, and the 
duration of HRT was significantly related to spinal OA 
prevalence.
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